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© Pluggable power system having magnetic flux coupled power transformer and inductive filter 
components. 



© A regulated voltage electrical power system has 
a driving section and a driven section. The driving 
section includes a power transformer primary struc- 
ture and a ripple current carrying, driving winding of 
a filter system for the smoothed outputs circuits of 
the power system, each of which includes a single 
turn, driven filter winding magnetically coupled to the 
driving winding by a multi-path core structure. Each 
driven filter winding links that part of the multi-path 
structure which corresponds in cross-sectional area 
r-to the relative ripple voltage imposed by the power 
^transformer on it. The power transformer secon- 
-^daries for the outputs of the power system are also 
5QOf a single turn each, differing output voltages being 
^achieved by provision of differing number of primary 
^winding turns associated with the various outputs. 

Planar diodes and core gap-filling ferrite inserts are 
CO provided in the secondary winding structures. 
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PLUGGABLE POWER SYSTEM HAVING MAGNETIC FLUX COUPLED POWER TRANSFORMER AND INDUC- 
TIVE FILTER COMPONENTS 



This invention relates to electrical power sys- 
tems and more particularly to a power system 
having improved magnetic and other components 
which function to transfer power and to provide 
filtering interrelationships and at the same time act 
as connectors between halves of the system which 
are separable for maintenance and other purposes. 

Various power and filter systems having rela- 
tively movable, magnetically coupled windings 
have long been known, for both power transfer and 
filtering purposes. Examples are seen in rotatable 
secondary winding voltage regulating power trans- 
formers, variable coupling filtering devices, and in 
separable primary and secondary energy coupling 
devices. Examples of the aforedescribed filter and 
connector arrangements are seen in US-A- 
1,490,031 to Schmidt, and an article published in 
the IBM Technical Disclosure Bulletin, Volume 17, 
No. 2 (July, 1974), pages 492-493. 

Coupled inductor filter systems wherein a plu- 
rality of substantially "zero ripple"" outputs can be 
provided in a transistor switching regulator are also 
known. Examples are seen in US-A-4,703,409 to J. 
H. Spreen, one of the inventors herein, and as- 
signed to the assignee of this application. 

In large data processing systems, it is cus- 
tomary to provide a "machine frame" which carries 
power supply and regulating elements for ener- 
gising circuit cards which are plugged into the 
machine frame. In such cases, both power and 
logic signal connectors are engaged as the card is 
plugged into place. It has also been known to 
releasably connect the power supply subsystems 
themselves into the machine, so that such sub- 
systems can be replaced as easily as a logic or 
memory circuit card might. 

There exist, however, needs to optimise such 
relationships and provide ever denser packaging of 
the subsystems and card arrays in large data pro- 
cessing systems. 

The present invention provides a power system 
including a separable transformer assembly in 
which a card having a planar secondary winding of 
the transformer is detachably mounted thereon to 
provide power to the card by magnetic coupling 
without electrical contact the card being inserted - 
mechanically but not electrically plugged - into 
complementary parts of the magnetic circuit of the 
transformer means, to complete the same. 

This provides an improved system and compo- 
nents which enable separation of the system into 
two portions, one "pluggable" into the other giving 
a division of primary and secondary elements, and 



ripple-bearing and ripple-free filter elements, 
whereby source parts of the system can be carried 
by the machine and load circuit parts can be 
carried by pluggable cards, with the main energy 
5 coupling between them being magnetic and con- 
tactless. 

The hereinafter disclosed embodiments include 
components having particular utility in the aforesaid 
system, among other uses and can be adaptable to 
w thin configuration so as to be mountable on closely 
packed circuit cards. 

There is disclosed hereinafter a power system 
which comprises a card having a planar trans- 
former secondary winding mounted thereon to pro- 
75 vide power to the card by magnetic coupling with- 
out electrical contact, the card being inserted into 
complementary parts of the magnetic circuit of a 
power transformer to complete the same. The card 
carries planar windings magnetically coupled to a 
20 filter winding structurally associated with the pri- 
mary winding of the power transformer. 

Also as disclosed, driven filter inductor win- 
dings, which can be of one turn each, can be 
magnetically associated with a driving filter winding 
25 by a common magnetic core having a main portion 
carrying the driving winding and a plural magnetic 
flux path portion carrying the driven filter windings, 
with the cross-sectional areas of the paths being so 
related that single turn windings encircling one or 
30 more of the paths can have generated in them, by 
the flux they encircle, A.C. potentials which al- 
though a function of the same a.c. ripple currents 
carried by the driving winding, differ between them- 
selves in proportion to the differing a.c. ripple po- 
35 tentials imposed on them. 

The secondary circuit structures can include 
planar rectifier and free-wheeling diode compo- 
nents within the respective secondary windings 
whereby the inductance in the circuit loops of the 
40 secondary windings is reduced and the commutat- 
ing action of the diodes is facilitated. 

The primary and secondary portions of the 
power transformers, and driving and driven portions 
of the filter inductor optionally can have a lap joint 
45 relationship to each other, whereby in each case 
there is a simplified mechanical interface between 
the core elements of those portions. 

The present invention will be described further 
by way of example with reference to embodiments 
so thereof as illustrated in the accompanying drawings 
in which:- 
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Rg. 1 is a simplified circuit diagram of a 
multi-level power supply having primary and sec- 
ondary, and driving and driven, portions which are 
physically discrete but detachably juxtaposed for 
magnetic cooperation; 

Fig. 2 shows a first subset of the elements of 
Fig. 1 which form one part of the two part or- 
ganisation of Fig. 1 ; 

Fig. 3 shows a second subset of elements of 
Fig. 1 which cooperate in operation with the first 
subset but are separable therefrom as a discrete 
subassembly; 

Rg. 4 shows one preferred embodiment of 
the invention in which the portions of core struc- 
tures carried by the card, powered by the system 
of the invention, are reduced; 

Fig. 5 shows a detail, on an enlarged scale, 
of portions of the elements shown in Rg. 4, the 
parts being shown in Figs. 4 and 5 in a card 
withdrawn state; 

Rg. 6 shows the parts shown in 5, but in a 
connected juxtaposition; 

Rg. 7 shows an exploded view of the parts 
shown schematically in Figs. 5 and 6; 

Rg. 8 is a fragmentary circuit diagram show- 
ing the electrical relationship of portions of the 
structure of Rg. 7; 

Rg. 9 shows a detail of rectifier chip installa- 
tion which is positioned as indicated in Rg. 7; 

Rg. 10 is an exploded view illustrating the 
filter inductor structure of Fig. 4; 

Fig. 11 shows an electrical and mechanical 
schematic which corresponds to the practical struc- 
ture shown in Rg. 10 but is included to illustrate 
operating principles thereof; 

Fig. 12 shows another embodiment of the 
invention in which the core structures are divided 
between the machine frame and card elements to 
engage each other in lapped fashion instead of 
tongue-and-groove fashion; and 

Fig. 13 shows an alternative embodiment of 
the general subject matter of Rg. 7, but wherein 
the diodes are positioned differently. 

Fig. 1 shows a simplified schematic diagram of 
a power supply having primary drive circuits 10, a 
parallel array of primary windings 12, 14, 16, 18, 
power transformer cores 20, 22, 24, 26, and cor- 
responding secondary windings 28, 30, 32, 34. The 
primary drive circuits 10 are conventional and a 
simple example is illustrated to include a D.C. bulk 
voltage supply 36, a transistor switch 38 in series 
with the parallel array of primary windings, and 
oscillator driven pulse width modulation control 40 
responsive to a feedback signal on line 42 to vary 
the ON time of each cycle of operation of the 
switch 38 so as to maintain the output voltage 
sensed on line 42 at a desired level with respect to 



a reference voltage in circuit 40. 

A group of the power output windings, in the 
illustrated embodiment, three of them numbered 
28, 30 and 32, are each of a single turn and drive 
5 respective output circuits 50, 52, 54, each compris- 
ing a rectifier diode 56, 58, 60, an inductor 61, 64, 
66, and a free-wheeling diode 68. 70, 72. 

The remaining secondary circuit shown, circuit 
100, comprises multiturn secondary 34, a rectifier 
10 102, free-wheeling diode 78. a filter inductor 104, 
and a filter capacitor 106. This circuit 100 provides 
power to the control circuit 40. The load imposed 
by the control circuits 40 is such that the current 
through the filter inductor 104 is continuous, al- 
75 though it has an A.C. ripple component. In accor- 
dance with the coupled inductor teachings of US-A- 
4.703.409, this ripple bearing inductor 104 is mag- 
netically coupled with the other output inductors 
62, 64, 66 as indicated at 106 in such manner that 
20 current in them is ripple-free. Accordingly, their 
output circuits 50. 52, 54 need have no output filter 
capacitors, but small capacitors 110. 112, 114 are 
provided to smooth less than perfect practical ef- 
fects, such as slight dimensional imbalancing, 
25 switching noise, etc. 

The secondary structures 50, 52, 54 are sep- 
arable from the remainder of the circuit thus far 
described, resulting in two complementary subset 
structures, 120 and 140. Fig. 2 shows subset 120 
30 including most of the heavy and bulky elements 
and Rg. 3 shows the other subset 140. In use, 
subset 120 might be carried by a machine frame 
and subset 140 might be part of a circuit card 
pluggable into the machine frame as will be de- 
35 scribed. 

In one arrangement, the "tongue and groove" 
structure, most of the core structure 150 linking the 
inductors 62, 64, 66, and 104 stays with the subset 
120, as shown in Fig. 2. This contributes to 
40 minimisation of bulk and weight in the other subset 
140, Rg. 3. 

From the foregoing, it is seen that the or- 
ganisation of Rgs. 1-3 provides a replaceable cir- 
cuit package, which may be either the base portion 

45 120 or the card portion 140 .which can be operated 
with no conductor-to-conductor mechanical con- 
tacts for electrical power connections. Power is 
supplied to the card 160, Rg. 4. by a link of time- 
varying magnetic flux. 

50 The functional card 160 incorporates the sec- 

ondary transformer windings and rectification/filter 
functions 140 of an appropriate switched-mode 
power supply/regulator, in addition to the oper- 
ational circuits normally found on a functional card. 

55 Placing the card in its slot in the machine assem- 
bles the transformers and an inductor by position- 
ing the secondary windings 28, 30, 32 in the power 
transformer cores 20, 22. 24, and positioning the 



3 



5 



EP 0 314 287 A1 



6 



filter inductor windings 62, 64, 66 into the inductor 
core structure 150. 

The planar geometries of the cores and win- 
dings are similar to the planar transformers known 
heretofore in radio frequency apparatus and thus 
not described in detail. However, the implementa- 
tion revealed here is unique in that some windings 
are meant to be withdrawn, as shown for example 
in Fig. 5. It should be noted that the bulk of the 
core 20 stays with the portion 120. while only a 
magnetic gap filter insert 162 moves with portion 
140. 

During the operation of a forward converter, 
such as shown schematically in Figure 1, it is 
necessary to quickly commutate the inductor 62, 
64, 66, 104 currents (approximately the respective 
output currents) from the freewheeling diodes 68, 
70, 72, 78 to the secondary windings 28. 30, 32, 34 
and rectifying diodes 56, 58, 60, 102. This transfer 
of current occurs when the switch 38 turns on. A 
similar commutation of the current from the rectify- 
ing diodes back to free-wheeling diodes occurs 
when the switch 38 turns off. Any inductance in the 
circuit 164 loop of any secondary winding and 
diode pair increases these commutate times. Such 
inductance may be due to actual lead inductance 
or to the leakage inductance (lack of perfect mag- 
netic coupling) of the respective power transformer. 
By positioning the diodes 56, 58 inside a planar 
winding 28, as illustrated in Figure 7, the induc- 
tance of this circuit loop can be reduced. In this 
embodiment, the diodes are implemented as single 
chip devices, as shown for example in Fig. 9. 
Further description of this kind of device is given 
an article entitled "Low Inductance Chip Connector 
for Power Rectifiers" published in the IBM Tech- 
nical Disclosure Bulletin, Vol. 29, No. 3 (August, 
1986) pages 1071-1072. 

Alternatively, the diodes could be implemented 
as groups of parallel diode pellets. The presence of 
the primary current in a uniformly spaced spiral 
primary winding 12 encourages a uniform "sheet" 
current in the secondary 28. Where parallel groups 
of diode pellets are used, they would be arranged 
in a row transverse to the current direction so that 
there would be equal current sharing among the 
diode pellets, during commutate times and when 
the switch 38 is on. The diode chips or pellets can 
be cooled through a cold plate or heatsink mounted 
on the rectified DC conductor 170. For simplicity of 
illustration of the other structure, these cooling fea- 
tures are not shown. They can always be arranged 
so that the cold plate cools either a ground node or 
a DC node, so that maximum cooling capability can 
be obtained without compromising switching be- 
haviour with large capacitances to an electrically 
grounded heatsink. 

The bulk of the filter components on the func- 



tion card 160 is held to a minimum by using the 
zero-ripple coupled inductor concepts discussed in 
US-A-4,703,409. The inductor core 150 and the 
one winding 140 with ripple are fixed in position; 
5 the zero-ripple windings 62, 64, 66 carrying load 
current are attached to the card. Thus, the secon- 
dary portion 140 on functional card connects to the 
power supply base portion 120 through the mag- 
netic flux links of cores 20, 22, 24, and 150. Any 
io necessary control/regulation signal such as on line 
42 is fed back from the load (functional card) to the 
power supply via conventional connectors or via a 
small signal version of the flux link connectors 
described above. 
75 A direct approach toward implementing a mini- 

mum ripple coupled output filter inductor in accor- 
dance with the general teachings of US-A- 
4,703,409 is to place all windings around a com- 
mon flux path. The induced voltage requirement for 
20 the zero-ripple windings is satisfied by adjusting 
the number of turns in the windings. The compo- 
nent physically resembles a conventional trans- 
former and uses standard bobbins and cores. 

However, in such case, the length of any turn 
25 in any winding encircles the common core path, 
which must be large enough to handle the d.c. flux 
from the sum of ail the amp-turns of all the win- 
■ dings. The resulting d.c. resistance of the winding 
can be a problem, particularly in high-current out- 
30 puts. Further, discrete turns around a common core 
can present a nearest turn number problem, forcing 
acceptance of "nearly correct" induced voltage in 
the zero-ripple windings. 

In principle, only the one winding with ripple 
35 must encircle the sum of the flux from all windings. 
Further, the induced voltage requirement for the 
zero-ripple windings can be satisfied with, in the 
limit, one turn per winding - provided that one turn 
encircles the required amount of a.c. flux from the 
40 one winding with ripple. Such considerations lead 
to a multiple path core geometry, as shown in Fig. 
10, In the structure shown, the core 150 embraces 
the inductor windings 62, 64, 66 and 104, and is 
completed by magnetic gap filler inserts 180, 182, 
45 184 carried by the movable winding structure 140. 
The simplicity of the zero-ripple windings and 
planar geometry of the multiple path core 15 
makes this structure particularly attractive for multi- 
output supplies, 
so Fig. 11 shows schematically the operational 

relationships of the parts shown in Fig. 10. The 
ratios of the cross-sectional areas of the core por- 
tions, and thus the flux portions, linked by the 
windings, determine the relative contribution of the 
55 effect of the ripple bearing winding 104 on each of 
the ripple-free windings 62, 64, 66. The number of 
turns on the respective primaries 12, 14, 16 deter- 
mines the voltages induced in the respective single 
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turn secondaries, and the ratios of the flux portions 
linked by the single turn inductors 62, 64. 66 cor- 
respond to the ratios of those induced voltages in 
accordance with the general teachings of the afore- 
said U.S. Patent 4,703,409. The turns, voltages and 
core areas shown in the drawings illustrate quan- 
titative relationships in a general way, but are not 
intended to be to scale. 

The magnetic structures (transformers and in- 
ductors) illustrated in Fig. 4 perform the function of 
a high current power connector without any ohmic 
contact required. This arrangement involves insert- 
ing a tongue-like extension containing conductors 
(Fig. 5) or conductors and ferrite insert (Fig. 10) 
into a slot in the fixed ferrite cores. 

The magnetic structure of Rg. 12 performs the 
same function; i.e., it is a transformer or inductor 
which serves as an electrical connector with no 
ohmic contact. However, the mechanical arrange- 
ment is simpler. As illustrated in Fig. 12, the lower 
half of the cores 20' t 22', 24, 150* remain with the 
secondary structures 28, 30, 32, 62, 64, 66, and 
the associated diodes 56, 58, 60, 68, 70, 72 as part 
of the card structure 140. The upper halves of the 
cores 20'. 22', 24', 150" remain with their primary 
windings 12, 14, 16 as part of primary structure 
120. When withdrawn, each ferrite portion is a 
block with flat mating surfaces and winding area, as 
shown in Rg. 12. The flat surfaces, mating in a lap 
joint, eliminate difficulties associates with construct- 
ing the ferrite core with a slot and aligning the 
tongue for insertion. Further, having exposed planar 
winding areas creates the potential for fabrication 
of conductors for windings, wiring, and interconnec- 
tions by deposition or similar techniques with mini- 
mum assembly or stacking of conductor layers. 

An alternate arrangement of Fig. 7 is shown in 
Rg. 13. Here, the rectifier chips or pellets 56, 68 
are positioned on opposite sides of the core. The 
secondary structure 28' consists of one conductor 
which connects the inductor bus to the top of the 
chips, and another conductor which connects to the 
bottom of the chips and forms the dc bus 170 . 
Together, these conductors provide a diode-diode 
conduction loop 164' which has little deviation from 
the ideal planar loop represented by the primary 
winding 12, and thus this arrangement facilitates 
the commutating action of the diodes in the same 
manner as the arrangement in Rg. 7. Such place- 
ment of the chips may provide mechanical or cool- 
ing advantages compared to Rg. 7, but would be 
equivalent electrically. 

The above described embodiments of the in- 
vention provide compact and efficient structures for 
coupling, magnetically and without electrical con- 
nection, a power so.urce to a plurality of loads. 
While only selected embodiments have been de- 



scribed in detail, it will be apparent that the inven- 
tion is not limited thereto but is defined by the 
appended claims. 

5 

Claims 

1 . A power system including a separable trans- 
former assembly in which a card having a planar 

w secondary winding of the transformer is detachably 
mounted thereon to provide power to the card by 
magnetic coupling without electrical contact, the 
card being inserted -mechanically but not elec- 
trically plugged - into complementary parts of the 

75 magnetic circuit of the transformer means, to com- 
plete the same. 

2. A power system as claimed in claim 1, 
wherein the card carries planar windings mag- 
netically coupled to a filter winding structurally as- 

20 sociated with the primary winding of the power 
transformer. 

3. A power system as claimed in either preced- 
ing claim, wherein the card carries plural output 
circuits, each having imposed on it an a.c. ripple 

25 voltage by the transformer means and including a 
driven filter inductor winding, of one turn, mag- 
netically associated with a driving filter winding by 
a common magnetic core having a main portion 
carrying the driving winding and a plural magnetic 

30 flux path portion carrying the driven filter windings, 
with the cross-sectional areas of the paths being so 
related that single turn windings encircling one or 
more of the paths can have generated in them, by 
the flux they encircle, a.c. potentials which are a 

35 function of a.c. ripple current carried by the driving 
winding, but which differ between themselves in 
proportion to the differing ripple a.c. potentials im- 
posed on them. 

4. A power system as claimed in claim 3 where 
40 the power transformer comprises secondary circuit 

structures including planar rectifier and free-wheel- 
ing diode components within the secondary wind- 
ing whereby inductance in the circuit loop formed 
by the secondary winding is reduced and com- 
45 mutating action of the diodes is facilitated. 

5. A power system as claimed in any preced- 
ing claim and including plural power transformers 
and plural output filter inductor structures, primary 
and secondary portions of the power transformers, 

50 and driving and driven portions of the filter inductor 
structure having lap joint relationships to each oth- 
er, formed into two pluggable assemblies. 

6. A power system as claimed in claim 2 and 
providing plural d.c. output circuits, each the output 

55 circuit having imposed on it an a.c. ripple voltage 
and including a driven filter inductor winding of one 
turn magnetically associated with a driving filter 
winding by a common magnetic core having a 
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main portion carrying the driving winding and a 
plural magnetic flux path portion carrying the driven 
filter windings, with the cross-sectional areas of the 
paths being so related that single turn windings 
encircling one or more of the paths can have 
generated in them, by the flux they encircle, a.c. 
potentials which are a function of ripple current 
carried by the driving winding, but which differ 
between themselves in proportion to the differing 
ripple potentials imposed on them. 

7. A power system as claimed in any preced- 
ing claim, wherein the secondary circuit structure 
includes planar rectifier and free-wheeling diode 
components within a secondary winding of the 
transformer whereby inductance in the circuit loop 
formed by the secondary winding is reduced and 
commutating action of the diodes is facilitated. 

8. A power system as claimed in any preced- 
ing claim, wherein the card includes a ferromag- 
netic insert imbedded in the planar transformer 
secondary in position to complete the magnetic 
circuit when the card is inserted. 

9. A power system as claimed in any preced- 
ing claim wherein, the mechanical coupling is es- 
sentially a tongue and groove structure. 

10. A power system as claimed in any of 
claims 2 to 6 providing supply circuit for producing 
a plurality of outputs comprising: 

a voltage source; 

transformer means having primary input coil means 
connected to the voltage source and secondary 
output coil means; 

output stage means of a first class connected to 
the secondary output coil means and including an 
inductor winding carrying ripple current; and 
a plurality of output stages of a second class for 
providing a plurality of outputs, each of the plurality 
of output stages of the second class connected to 
the secondary coif means, each of the plurality of 
output stages of the second class including single 
turn inductor winding, each inductor winding of the 
second class being magnetically coupled to the 
inductor winding of the output stage means of the 
first class, the output coil means imposing propor- 
tionally related voltages on the output stages; 
the inductor windings sharing a common core 
structure, the core structure defining multiple flux 
paths finked by the windings of the second class, 
cross-sectional areas of the flux paths being cho- 
sen such that the induced open-circuit voltages 
across each inductor included in the output stages 
of the second class (when the inductors included in 
the plurality of output stages of the second class 
are disconnected from their respective output 
stages) are approximately identical to the imposed 
operating voltages thereon when the inductors in- 
cluded in the plurality of output stages of the 
second class are connected to their respective 



output stages; 

the ripple current through the inductors included in 
the plurality of output stages of the second class 
being much lower than the ripple current in the 
5 inductor means of the first class. 
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